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REMARKS 

Reconsideration is requested. 
Claims 32-38 are pending. 

The Examiner's withdrawal of the restriction requirement mailed January 27, 
2003, is acknowledged, with appreciation. 

The specification has been amended at page 21 to obviate the "claim objections" 
noted in the second paragraph of the Office Action dated July 30, 2003 (Paper No. 6). 
Withdrawal of the "claim objection" is requested. 

The Section 112, first paragraph, rejection of claims 32-38 is traversed. 
Reconsideration and withdrawal of the rejection are requested in view of the following 
comments. 

The Examiner's assertion that 

"the specification fails to provide adequate guidance and 
evidence for how to administer the claimed pharmaceutical 
composition..." 

(see , page 3, lines 20-23 of Paper No. 6), is not supported by any evidence of record. 
In fact, the applicants believe the administration of immunoconjugates and liposomes is 
well-known to one or ordinary skill in the art. The attached excerpt from "Targeted 
Therapeutic Systems (edited by Tyre and Ram, and specifically the attached article by 
Cannon and Hui "Immunoconjugates in Drug Delivery Systems" (1990)) describes many 
methods available to one of ordinary skill in the art for administration of liposomes and 
immunoconjugates at the time of the present application. The Examiner is specifically 
requested to see, for example, page 128 and page 133 of the attached reprint. One of 
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ordinary skill in the art was well versed in a variety of methods for administration of 

liposomes and immunoconjugates at the time the present invention was made. 

The Examiner further asserts at page 4, lines 2-5 of Paper No. 6 that 

"the specification also fails to provide an adequate guidance 
for the correlation of the pharmaceutical agent with a specific 
disease or a disorder such that said pharmaceutical agent 
could provide therapeutic affects for said specific disease or 
disorder in vivo" 

The applicants note however that cancer treatments are, for example, described at 
page 7, lines 6-10 of the specification. Other treatment methods, and pharmaceutical 
agents for the treatment of, for example, infections, are provided and described on page 
7, lines 1 1-16 of the specification. More importantly, the Examiner is urged to 
appreciate that the presently claimed invention is not limited to any specific 
pharmaceutical agent or disease treatment as delivery of a variety of pharmaceutical 
agents in, for example, liposomes, and methods for administration of the same are well- 
known in the art and were well-known in the art at the time the present invention was 
made. See , the attached Tyre and Ram excerpt. 

On page 4, line 6 of Paper No. 6, the Examiner criticizes the claims as apparently 
including gene therapy (i.e., "the nature of the invention being gene therapy..."). The 
fact that the presently claimed invention could be used, in one embodiment, to deliver 
nucleic acids does not per se lead to a conclusion of non-enablement. In fact, many of 
the problems relating to prior gene therapy attempts have been due to inefficient 
targeting and it is possible that the presently claimed invention would increase the 
efficiency of such targeting. In any event, none of the Examiner's cited references 
discuss the presently claimed or disclosed invention and conclude that one of ordinary 



-6- 



788187 



TITBALL et al 

Appl. No. 09/989,130 

October 30, 2003 



skill in the art would not have been able to make and/or use the invention from the 
teaching of the disclosure and the generally advanced level of skill in the art. 

The Examiner is urged to appreciate that the subject of the present invention is a 
two-part drug delivery system that is useful for the targeted delivery of suitable 
compounds according to a disorder to be treated. The substitution of a missing gene is 
only one application accomplished by the two-part drug delivery system of the presently 
claimed invention. The inventive step of the presently claimed invention is a two-part 
drug delivery system suitable for the directed application of compounds including small 
molecules, antibodies, peptides, oligonucleotides, toxins and nucleic acids. The first 
part of the system is an antibody conjugated with lipase. The immunoconjugate of the 
claimed invention is a prerequisite for the focused, site-specific amplification of the 
second part of the claimed invention and is described and appropriately enabled by, for 
example, page 1 (with regard to the antibody) and pages 2-4 (with regard to the lipase) 
of the present application. The second part of the presently claimed invention is a 
liposome containing, for example, the active compound. The liposome of the presently 
claimed invention is described by an enabling disclosure on pages 2 and 3 (with regard 
to the liposome) and, for example, on page 7 (with regard to the compounds to be 
administered) of the specification. 

Moreover, the Examiner is requested to appreciate that the applicants have 
demonstrated liposome lysis by the recombinant lipase in Example 1 , page 13, of the 
specification. The reporter molecule used in this assay was 5-(6) carboxyflourescein. 
Moreover, in an additional assay, the inventors describe in Example 3, at page 16 of the 
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specification, the administration of a chemotherapeutic drug (andriamycin) with the 
present two-part drug delivery system. 

In view of the specification and the generally advanced level of skill in the art at 
the time the application was filed, the applicants believe one of ordinary skill in the art 
would have been able to practice the claimed invention without undue experimentation. 

Reconsideration and withdrawal of the Section 112, first paragraph, rejection of 
claims 32-38 are requested. 

The Section 102 rejection of claim 32 over Flickinger (1976, European Journal of 
Cancer, Vol .12, pages 159-160), is traversed. Reconsideration and withdrawal of the 
rejection are requested in view of the following distinguishing comments. 

Flickinger et al. teaches preparation of an immunoconjugate containing 
phospholitase C. The lipase shows toxic activity and is delivered to Friend leukemia 
cells by an antibody. The cited art fails to teach however that phospholitase C lyses 
liposomes in a two-part drug delivery system as claimed. 

Moreover, claim 32 requires a lipase from Clostridium perfringes (CPAT), which 
has the ability to lyse liposomes, or a modified CPAT form which has no or less lipase 
activity to the corresponding lipase holoenzyme. The activity of the inactive form will be 
reconstituted by a second lipase component that is delivered by the liposome, such as 
is described in claim 33. These two-part lipase components prevent or reduce 
undesired, non-specific lipase activity. If the liposome with the active agent and second 
lipase component come in contact with the immunoconjugate, a lipase will be 
reconstituted and is able to release the active agents specifically at the site of desired 
action. The publication of Flickinger lacks all of these essential technical features of 
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claim 32. As Flickinger fails to teach each and every aspect of the invention of claim 32, 
the claimed invention is submitted to be patentable over Flickinger. 

Withdrawal of the Section 102 rejection of claim 32 over Flickinger is requested. 

The Section 102 rejection of claim 34 over Harris (U.S. Patent No. 4,463,090) is 
obviated by the above amendments. Reconsideration and withdrawal of the rejection 
are requested in view of the above amendments. 

The claims are submitted to be in condition for allowance and a Notice to that 
effect is requested. The Examiner is further requested to confirm the acceptability of 
the previously filed formal drawings. 

The Examiner is requested to contact the undersigned if anything further is 
required to advance the present case to allowance. 



BJS:plb 

1 100 North Glebe Road, 8th Floor 
Arlington, VA 22201-4714 
Telephone: (703) 816-4000 
Facsimile: (703) 816-4100 



Respectfully submitted, 



NIXON & VANDERHYE P.C. 




B. J. Sadoff 
Reg. No. 36,663 
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Immunoconjugates in Drug Delivery Systems 

JOHN B. CANNON and HO WAH HUI 
Abbott Laboratories, North Chicago, HUnoU 



I. INTRODUCTION 

A. When Is Targeting Necessary? 

Traditional modes of drug delivery in the treatment ot prevention of disease can 
be hampered by their nonspecific action, often leading to side effects. In addi- 
tion many drugs are not able to arrive at target areas in the body at effective 
concentrations, while others are prematurely inactivated or excreted. One way 
of circumventing this problem is to apply the drug directly to its intended site 
of action. The range of conventional formulations for local administration, such 
as sprays, inhalers, creams, eye drops, etc.. has been augmented in recent years 
by several more sophisticated systems. These have included the Progestasert 
intrauterine device for contraceptive use [1] and the Ocusert system for pile 
caipine delivery to the eye [2] . Other systems still under investigation include 
microspheres for Intraarticular injection in arthritis [3] . However, this approach 
to "targeting" via a locally applied controtted-rekase system is of limited use in 
treating disseminated disease states or when the target is inaccessible (e.g„ in 
cancer chemotherapy and enzyme replacement treatment). In these cases, sys- 
temic drug administration is necessary. 
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Indeed , if a drug entity could destroy tumor cells selectively, reach all tumor 
cells, and remain there for the amount of time needed to be therapeutically ef- 
fective, there would be no need for targeted drug delivery. Unfortunately, such 
a drug is not available. When a drug is cytotoxic or has serious side effects, as is 
the case for cancer chemotherapy drugs, the need for targeting is even more 
acute. In the next section we review different modes of targeting. 

B. Modes of Drug Targeting 

Targeted drug delivery systoms can be classified according to the methods em- 
ployed for accomplished target site localization. They are classified as passive, 
physical, or active targeting [4] , 

Passive Targeting 

Passive targeting refers to the natural distribution pattern of the carrier in vivo. 
The disposition of the carriers will be determined largely by their particle size 
and shape, surface characteristics (hydrophobicity/hydrophilicity), surface 
charge, and particle number. Therefore, it is possible to target the lungs and 
reticuloendothelial system (RES) passively. 

Entrapment of large particles (> 7 pm) in the capillary bed of the lungs has 
been investigated in radiodiagnostic imaging and also for the delivery of anti* 
tumor drug to the lungs [5] . The potential of achieving sustained release of 
acidic drugs in lung capillaries using diethylaminoethylcellulose microspheres has 
also been studied [6] . However, this material is not biodegradable and hence is 
not suitable as such for human clinical trial. 

RES-mediated elimination of drug targeting systems is usually a disadvantage. 
Sequestration by RES cells not only decreases targeting efficiency but can also 
result in damage to the RES, particularly if the carrier payload is a highly toxic 
agent [7] . This can have serious consequences in cancer patients, since mono- 
nuclear phagocytes are active in preventing the spread of metastases [7,8] . In 
spite of these concerns, clearance of carrier particles by the RES can be investi- 
gated to gain benefit in cases where targeting to the liver and spleen is advan- 
tageous, e.g., liver disease [9] . 

Physical Targeting 

In physical targeting, some characteristics of the environment are used to direct 
the carrier to a specific location or to cause selective release of its contents there. 
This is usually accomplished through an external mechanism, such as induced 
local hyperthermia or a localized magnetic field. 

In the presence of specific serum proteins, principally lipoproteins, unilamel- 
lar liposomes can be designed to release their payload efficiently at their liquid 
crystalline phase-transition temperature [10] . Liposomes with phase-transition 
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temperatures of about 42°C can be made to release their drug preferentially in a 
capillary bed subjected to local hypertheimia. Thus, increased tumor uptake of 
methotrexate has been achieved, resulting in moderate effects in suppressing 
tumor growth [11] . 

The use of magnetically responsive microspheres for targeted drug delivery 
was first reported by Widder et al> [12] . Albumin microspheres of approxi- 
mately 1 txm diameter were prepared containing small particles of magnetite 
(Fe 3 0 4 ) and, following intraarterial injection in rats, were made to localize in 
the tail at the site of an applied magnetic field. In this study, more than 50% 
of the microspheres were localized to the magnetized tail segment. 

Subsequent studies with magnetically targeted biological response modifiers 
-e.g., interferon producers and T- and B-ceH mitogens— have also yielded prom- 
ising results [13] . Other magnetically responsive carriers, such as nanopaiticles 
[14] , erythrocytes [15] , and emulsions [16] , have also been investigated. 

Active Targeting 

In active targeting, the natural disposition pattern of a carrier is modified to 
target it to specific organs, tissues, or cells, Approaches include suppression of 
the RES or attachment of cell-specific Uganda and monoclonal antibodies. 

One approach in suppressing the RES is to preblock the Kupffer cells with a 
placebo colloid of other RES-depressant agents such as dextran sulfate 500, 
Subsequent injections of drug carrier in treated animals are not fully subjected 
to RES clearance [17,18] , The clinical potential of the approach is doubtful, 
since impairment of RES function can have serious side effects-particularly in 
cancer patients [19] . Indeed, any drug-targeting carriers accumulating in the 
RES must be readily degradable so that RES overload does not occur with re- 
peated dosing. 

Cell-specific Uganda can also be utilized to target carriers to specific cell 
types. Desialylated fetuin has been used to transport a variety of DNA synthesis 
inhibitors to mouse hepatocytes infected with ectromelia virus [20,21] . Similar 
approaches may be applied to target a number of other sites [10,22] . However, 
this approach is limited to a small number of tumor types [23] . 

Since the discovery of monoclonal antibodies (MoAba) in 1975 [24] , the 
concept of a monoclonal antibody-targeted cytotoxic modality has been rigor- 
ously explored. Several approaches have been studied concerning the design of 
such a system [25] . Direct covalent attachment of cytotoxic molecules to 
MoAbs is generally not very efficient, resulting in only approximately 1 0 drug 
molecules per antibody and thus diminishing the antigen-binding capacity [26] . 
Conjugation via intermediate carrier molecules such aa dextran or poly L- 
glutamic acid [27,28] will increase the drug-antibody ratio and retain a higher 
degree of antibody activity. MoAb-mediated targeting also offers a distinct ad- 
vantage in terms of payload capacity [29] . 
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II. DRUG-ANTIBODY CONJUGATES 

Although the concept of targeting cytotoxic agents was proposed by Ehrlich 
early in this century [30] , its feasibility was not very promising until the advent 
of monoclonal antibody production {24] and the development of improved 
heterobifunctional coupling reagents [31]* 

The rationale for the use of conjuptes is that a chemical entity with good 
pharmacological action is coupled to an antibody reacting against the target 
organ in order to obtain a conjugate that is therapeutically active and selective 
in action. Plant and bacterial toxins have received much attention in this field 
[31 ,32] because of their cytotoxic potential, It was proposed that a single 
molecule of such toxins is able to kill a cell on entry [3334] . Although this 
high cytotoxicity is desirable, it requires that cross-reactivity of the antibody 
toward normal tissues should be very low. Theoretically, due to the number of 
potentially different antigens available on a cell surface and the cross«reactivity 
of some antibodies to similar structures, one would likely not expect absolute 
specificity of monoclonal antibodies, and hence the usefulness of these potent 
toxin antibody conjugates is limited. Alternatively, investigators have tried to 
couple conventional chemotherapeutic drugs that have clinically known and 
accepted side effects. 

Conjugates prepared by coupling drugs directly to antibodies have been suc- 
cessfully synthesized. However, this type of conjugate has a limited potential 
because there are only a small number of functional groups available per anti- 
body molecule that can be used successfully for chemical coupling without sig- 
nificant loss of antibody binding activity [33] . In order to obtain a higher 
molar substitution of drug to antibody, a carrier molecule is used to which the 
drug is attached and which in turn is linked to the antibody [36] . 



A. Selection of Antibodies/Target Antigens 

For the production of monoclonal antibodies, usually a mouse is immunized 
with the antigen of interest, e.g., human tumor cells. Once the immune response 
initiates, B lymphocytes from the animal's spleen cells or lymph nodes are ob- 
tained in a single-cell suspension. These cells are then fused with myeloma cells 
from the same species [24,37-39] . By these techniques, antibodies have been 
harvested representing a number of different classes and isotypes. They are usu- 
ally available to different epitopes on the same antigen, In order to accomplish 
effective targeting, we need affinity of 10 s M~ l or better. Moreover, IgG anti- 
bodies are preferable to IgM because they are easier to handle and may concen- 
trate better at the target due to their smaller size. For therapeutic purposes we 
also need hybridomas that are able to produce the large quantities of antibodies 
required for clinical studies. 
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Whether whole antibodies or antibody fragments are preferable for tumor 
targeting is difficult to predict. There will probably be different requirements in 
different situations. One advantage of the fragments is that they are less im- 
munogenic than whole antibodies and their smaller molecular size may facilitate 
penetration into tumor tissue [40] . 

Furthermore, it Is advantageous to have human rather than mouse antibodies 
because they are <c lesa foreign 0 to patients and may also possess stronger thera- 
peutic activity. However, human antibodies may still trigger immune responses 
when repeatedly injected into patients because they have both idiotypic and 
allotypic antigenic determinants. Although the idiotypic responses are likely to 
be weaker and need a longer period of exposure than those against mouse anti- 
bodies, some clinical procedure needs to be designed to tailor the dosage regi- 
mens for human patients. 
n While considering an antigen as a target for therapy, both the degree of anta- 

% gen specificity and the number of antigenic molecules per tumor cell are impor- 

f| tant. The importance of antigen specificity is obvious because it allows the con- 

W jugatea to anchor on the target selectively and accurately. However, an entirely 

% tumor-spocific antigen would be useless for targeting if its expression at the cell 

$ surface would not permit the binding of the number of conjugates needed to 

achieve the therapeutic response. In moat cases, drugs need to enter tumor cells 
to exert an effect. Therefore, active drug has to be released from the conjugate 
at the tumor site, or the drug-antibody conjugate has to be taken up by the cells. 
Studies have shown that some conjugates were endocytosed [41] , but the degree 
of endocytosis may vary among different antigens. Thus, conjugates that are spe. 
cific to those antigens that lead to the maximum degree of endocytosis may be 
more effective for intracellular drug delivery. 

Certainly, procedures facilitating endocytosis will play a role in utilizing drug 
conjugates for therapy. Thus, a concerted effort should be made to study what 



| factors influence the degree of endocytosis of conjugates, the rate of endocyto- 

£ sis, and the kinetics of regeneration of surface antigens, 

B. Selection of Drugs for Conjugate Formation 

The mechanism of action and pharmacokinetic profiles of the drugs are impor- 
tant parameters for selection of drugs to be conjugated with antibody. Most 
antibodies are specific for antigens at the cell surface, so a drug that ia active at 
the cell surface would be more effective. Howerver, only a few currently avail- 
able chemical entities are effective through this mechanism ; most drugs are- ac- 
tive intracellular^. Some of them exert their action at DNA/protein synthesis, 
J while some alter the function of the spindle apparatus [42] . Therefore, the ideal 

drug-antibody conjugate should be endocytosed and the conjugate should be 
cytotoxic even if the drug remains bound to the antibody. Unfortunately, some 
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drugs, such as anthracyclines, are inactive unless they arc cleaved from the com- 
plex. Nevertheless some drugs such as alkylating agents may be effective even 
as intact conjugates. 

Drug-antibody conjugates that are not endocytosed may still be therapeutic- 
ally effective as long as they are able to increase extracellular concentrations of 
free drug at the target site. The strength of the covalent bond between antibody 
and diug will determino the extent of free drug to be released, hence the amount 
of drug uptake by cells. 

To determine which drug Is preferred for use in the conjugate, we also need 
to study the intracellular metabolism of drug-antibody conjugate. However, it is 
not necessary to know the details of intracellular conjugate disposition before 
initiating clinical trials to determine its therapeutic efficacy. 

The choice of coupling method is another important parameter for optimiz- 
ing the efficacy of the antibody-drug conjugate, There are many choices now 
available, but the most success has been achieved with hetetobiftmctionfll 
agents, since these reagents generally allow controlled coupling and highest 
yields of the desired inununoconjugate. The most widely used is N-succinimidyl 
3<2*pyridyldithio)propionate (SPDP) [61). The product of the SPDP procedure 
contains a disulfide bond as the linkage between the antibody and the drug. 
Even under the controlled conditions that this reagent allows, however, a 
heterogenous mixture of products is generally obtained. Thus, the molecular 
weight and the ratio of drug to antibody can be quite variable f particularly if 
the drug is a protein with a large number of amino groups, as was observed with 
immunoconjugates of cobra venom factor [62] . The activity of drug and anti- 
body portions of each component of the mixture can be variable, and separation 
of the mixture is usually not practical. Therefore, when interpreting the results 
of any experiment involving immunoconjugates, it must be remembered that one 
is not dealing with a single chemical entity. 

Furthermore, immunoconjugates can have varying degrees of stability in 
vivo, depending on the nature of the linkage. This covalent linkage may be sub- 
ject to enzymatic hydrolysis or other reactions. The disulfide bond of the SPDP 
product, for example, is probably subject to reduction via thiol-disulfide ex- 
change with glutathione and other thiols [63] . However, this factor can be 
utilized in the reloase of free drug if the linkage is more susceptible to cleavage 
under intracellular conditions (e^., glutathione, low pH, and enzymes of the 
lysosomes) than by plasma. In this way, the stability of the immunoconjugate 
can be maintained until delivery to the target cells, and active drug, can be re* 
leased in the target cells. Whether this condition is met for a particular immuno- 
conjugato will depend on many factors, and must be evaluated for each individ- 
ual case. 
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C. Pharmacodynamic Considerations In the Use of 
Conjugates for Drug Delivery 

The therapeutic efficacy 01 pharmacological action of a drug correlates better 
with the concentration'time profile of the drug (or its active metabolite) in the 
plasms (or some other biophese) than with the absolute amount of drug ad- 
ministered. For drug-antibody conjugates or immunotoxin-antibody conjugates, 
several other factors must be carefully investigated or considered before such 
conjugates can be rationally used in therapeutic trials in humans. The in vivo 
stability of different types of chemical linkages must be assessed, the systemic 
elimination rate and metabolic fate/mechanism of these irnmunocoryugates have 
to be investigated, and the optimal dosing regimens for immunocoryugate de- 
livery to target organs/cells must be determined. Thus, in the past decades, sig- 
nificant efforts were contributed in understanding the bio distribution of various 
immunoconjugates . 

For example, the btodistribution of Rlcin Toxin A (RTA) chain conjugate 
has been studied in a number of species [43,44,55] . Imrmmotoxins constructed 
by conjugating RTA to monoclonal antibodies that react with tumor-associated 
antigens are cytotoxic for tumor cells in vitro [3 1 ,46] . When administered 
systemic ally, these immunotoxins have been shown to Inhibit growth of solid 
human tumors including osteogenic sarcoma [48] and colorectal cancer [49] . 
However, pharmacodynamic studies of RTA showed that the glycoprotein is 
rapidly eliminated from the systemic circulation with predominant localization 
in nonparenehymal hepatic cells [50 p 51] , It was also shown that the corrugate 
is removed from the systemic circulation much more rapidly than the antibody 
but less quickly than the free Ricin A chain [44] . Such a pattern of btodistribu- 
tion is caused by the recognition of mannose-containing oligosaccharide chains 
of Ricin and Ricin A chain by specific cell surface receptors on nonparenehymal 
hepatic cells. Several investigators have investigated the interaction between 
mannose-containing oligosaccharides of RTA and the mannose receptors on 
Kupffer cells in the liver [51] , rat bone marrow macrophages [52] , and rabbit 
alveolar macrophages [53] ; this is thought to be the mechanism by which 
hepatic uptake of RTA -containing immunotoxins occurs and suggests that a 
mannose-containing blocking agent might be used to prolong the systemic circu- 
lation time of the conjugates and hence increase targeted localization [43] . 

A study reported by By era et al. [43] has shown that a number of blockers 
are effective, including defined species such as mannosyHysine. The study also 
shows that the only other °rgan in which immunotoxin uptake was inhibited by 
mannose-containing blocking agents is the spleen. This inhibition is probably 
caused by blockage of the mannose receptors on dendritic macrophages in that 
organ. 
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Besides Ridn Toxin A, biodistribution of several other conjugates has been 
studied [45,47,54,56-60] . For example, conjugates with methotrexate in which 
the drug is linked to the antibody via an albumin carrier have been reported to 
be eliminated rapidly from the systemic circulation (58] , and particularly to 
the liver. Parallel studies in mice with human tumor xenografts [58] have shown 
blood survival, biodistribution, and tumor localization to bo similar with con- 
jugate and free antibody. Gamma camera imaging studies performed to assess 
the bio distribution and tumor localization of methotrexate -antibody conjugate 
revealed a similar biodistribution and systemic clearance to that found with un- 
conjugated antibody [57,58] . 

Obviously, a significant component of the therapeutic approaches with 
monoclonal antibodies and their drug conjugates is a good understanding of 
their biodistribution and tumor localization capacity. Although there is an in- 
creasing body of data on the biodistribution of drug conjugates, the pharmaco- 
dynamics of various conjugated or complexed antibodies may be entirely differ- 
ent and require comprehensive investigation tailored to each individual conju- 
gate. 

III. EFFECT OF DOSAGE FORM AND ROUTE OF 
ADMINISTRATION 

A. Route of Administration 

The route of administration should be chosen carefully when using an antibody- 
drug conjugate for therapy. The conjugates have high molecular weight, are 
often unstable in vivo (due to both proteolysis of the antibody portion and to 
lability of the antibody -drug linkage) and are expensive, Thus it is imperative 
that the route of administration be chosen to ensure the maximum possible 
bioavailability, and to deliver the highest fraction of dose to the target organ 
or tissue. Most of the animal or clinical studies reported to date have been per- 
formed with this in mind. Intravenous administration is in most cases the ob- 
vious route to use, since patients currently expected to receive this kind of 
treatment are under specialized care and are critically ill. Most of the pharma- 
cokinetic and biodistribution studies described above (Section U.C) were per- 
formed using the intravenous route, and many of the studies cited demonstrate 
the efficacy of intravenously administered immunoconjugates to target to the 
desired organ or tissues. Multiple intravenous injections, over a course of weeks, 
appear to be more effective than single injections, as indicated by, e.g., animal 
model experiments with gelonin conjugates [64] > 

Some success, however, has also been achieved with direct or local injection, 
so that the administered dose is concentrated initially in the target organ or tis- 
sue. Local injections of immunoconjugate, e.g. , intratumorally, may have clinical 
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advantage; this procedure showed tumor reduction in an animal model with 
repeated intratumoral injection of an immunotoxift [65] . 

Intraarterial injections have been used in some cases, whereby a drug Is ad* 
ministered directly into the supplying artery of the target organ or tiaaue [66, 
61) . The degree of advantage of this route over intravenous administration of 
immunoconjugate will depend on the pharmacokinetics of the immunoconju- 
gate the blood flow through the target tissue, and other factors. In general, 
drugs with a high systemic clearance or degradation administered intraarterially 
into a target organ with a low blood flow are good candidates for this technique 
[66] . In a recent clinical trial conducted in Japan, 39 patients with colon and 
rectal carcinoma, including eigit patients who also had liver metastaaia, received 
an immunoconjugate composed of neocaoinostaOn (NCS) conjugated to the 
monoclonal antibody A7 (specific for colon and rectal carcinoma cells) [68] . 
The patients received the immunocenjugate via the artery proximal to the 
tumor, either directly or by a catheter inserted from the femoral to the tumor 
artery, followed by surgical resection of the carcinoma. An immunoperoxidase 
staining study showed that in all patients, the NCS was specifically localized in 
the cancer cells. The eight patients who had postoperative liver metastases were 
also given the A7-NCS conjugate through the hepatic artery; four of them re- 
sponded favorably. However, since only one patient in this trial received the 
immunoconjugate intravenously , no conclusions can be drawn as to whether the 
intraarterial route had any advantage over the intravenous route. 

Intraperitoneal injections of anticancer drugs have been shown to be more 
effective than intravenous administration in the treatment of certain types of 
cancer [69] , especially those that are located in or spread to the peritoneal 
cavity, e£„ colorectal cancer and ovarian carcinoma. In a number of studies 
[70,71] , tumor cells were implanted into mice intraperitoneally, and after the 
tumor was established, an immunoconjugate was injected intraperitoneally, re- 
sulting in reduction of the tumor and thereby demonstrating the utility of an 
intracavity administration. Ovarian carcinoma represents a good example of 
situations in which intraperitoneal injection of immunoconjugate following sur- 
gical removal would be beneficial, since spread of the tumor is frequently con- 
fined to the peritoneal activity [72] . Normally, transfer of intraperitoneally . 
injected drugs from the peritoneal cavity to the vascular system is complete 
within several hours, but the presence of ascitic fluid (as would sometimes be 
the case for ovarian cancer patients) was shown in an animal model to retard 
the transfer of MoAbs from the peritoneal cavity to blood [73] . Hie same 
workers showed that modification of the antibody with galactose led to its rapid 
systemic clearance by receptors of the liver, and this was proposed as a method 
to reduce the systemic toxicity of any immunoconjugate that does enter the cir- 
culation from intraperitoneal injection. Intraperitoneal administration of a radio- 
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immunoconjugate indicated the potential of conjugates such as these in intracav* 
ity cancer therapy ; bismuth-2 1 2 , an alpha emitter with a physical half-life of 
only 1 h, was conjugated via a diethylenetriamine pentaacetic acid linkage to a 
MoAb specific to antigen Thy 1 to murine T cells [74] . Mice were injected intra- 
peritoneally with EL4 lymphoma tumor cells, and subsequent intraperitoneal 
injection of the radioimmunoconjugate resulted in prolonged survival of the 
animals, It was proposed that due to the known slow extravasation of large 
molecules from the peritoneum, the radioimmunoconjugate waa retained in the 
peritoneal cavity for at least .2 h, when the alpha-emitting conjugate was most 
potent. This avoided the side effects that would be associated with the high sys- 
temic levels from intravenous administration. In another study, in which Burk- , 
itt's lymphoma cells were transplanted intraperitoneal^ into mice, intraperi- 
toneal injection 10-14 days later of a geloninJE9 MoAb conjugate showed twice 
the efficacy as intravenous administration in delivery of the Immunoconjugate 
into the tumor cells [75] . In a similar experiment, B-cett lymphoma cells were 
transplanted intraperitoneal^ into mice, and a daunomycin -antibody conjugate 
(Linked via a dextran bridge) was prepared [76] ; intraperitoneal injection of the 
Immunoconjugate was somewhat mote effective than intravenous administra- 
tion in prolonging survival, even though free drug was more effective when 
given intravenously, apparently due to the higher toxicity of the free drug when 
given Intraperitoneal^. This may reflect the more rapid systemic clearance of 
the conjugate due to its larger molecular weight, In summary, intraperitoneal 
administration of immunoconjugate will probably have benefit in applications 
such as ovarian carcinoma and colorectal cancer. Nevertheless, a certain amount 
of the conjugate will still enter the systemic circulation from the peritoneal cav- 
ity; thus, any resulting toxicity may be reduced but not eliminated, unless 
special techniques as described above are used. 

Reports of intramuscular or subcutaneous (other than local or intratumoral) 
administration of immunoconjugates are scarce. The lower systemic Levels that 
would result from these routes of administration would be especially detrimental 
for immunoconjugates, because of their high molecular weight and resulting 
slower transport from subcutaneous or intramuscular depots into the blood- 
stream. The inherent instability of the immunoconjugate due to proteolysis or 
lability of the antibody 4rug linkage could make this delay in transport into the 
vascular system a severe problem for intramuscular or subcutaneous injections. 
In addition, these modes of administration frequently lead to drainage of the 
dose into the lymphatics, especially for high-molecular-weight proteins [77] , 
lowering the systemic levels. This lymphatic drainage may, however, be ex* 
plotted in certain cases where introduction of the immunoconjugate into the 
lymphatic system is desirable. For example, in an animal model in which hepa- 
toma cells were transplanted intradermal into mice, subsequent subcutaneous 
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injection (1 in. distal to the tumor) of an immunocoxijugate , composed of a 
hepatoma-specific MoAb linked to Abrin, was significantly more effective than 
an intravenous injection, in terms of both regression of the primaiy tumor and 
inhibition of metastasis to draining lymph nodes [78] . Although the effect 
could be due partly to some degree of local injection, it is tempting to conclude 
that subcutaneous administration led to an enhanced delivery of the immuno- 
conjugate to the tumor by the surrounding lymphatics, as well as to higher pro- 
tection of the lymph nodes. 

In conclusion, it can be stated that the choice of route of administration 
(intravenous, intraarterial, intratumoral, intraperitoneal, subcutaneous, or 
intramuscular) depends on the particular disease being treated and on the prop- 
erties of the immunoconjugate (e.g. p stability, specificity, toxicity, and pharma- 
cokinetics), and the choice must be made for each individual caae. With regard 
to other nonsystemic routes of administration (e.g., oral, transdermal, inhala- 
tion, and buccal), the effective use of these alternative routes of administration 
for immunoconjugates is doubtful, nor is there presently a greBt need for non- 
systemic administration of these drugs. However, one can envision that as im- 
munoconjugates come to the marketplace and become more widely used on an 
outpatient basis, the need for these additional dosage forms will grow. Hope- 
ftilly, the present problems associated with nonsystemic administration of pro- 
teins (e.g., poor absorption, low bioavailability, degradation in the GI tract) will 
be surmounted in the decades to come, which will allow widespread nonhospital 
use of these **magic bullets." 

B. Liposomal and Polymeric lmmunocon|ugate Systems 
In addition to "simple" immunoconjugate systems, in which drug or toxin are 
linked together either directly or by a relatively small linker or carrier group, 
there is now a large body of work encompassing more complex systems in 
which the drug and antibody are coupled via a common carrier, either a lipo- 
some or a polymer. In many of these cases (certainly for liposomes), the larg- 
est contribution to the mass of the system is from the carrier. Thus, the pharma- 
cokinetics, toxicology, and metabolism of the carrier itself cannot be ignored 
when considering such an immunoconjugate carrier system for therapy. These 
systems, however, may have significant advantages over "simple" immunocon- 
jugates, Including the following: 

1 . Higher "payload"-the number of drug molecules delivered by one anti* 
body is increased. 

2. More flexibility in design of systems-e.g., the same aatibody<arrier sys- 
tem can be used for many drugs with little modifications. 

3 . Protection of labile drugs from degradation by serum enzymes. 
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4. Decreased toxicity due to lack of recognition of the drug by receptors not 
in the 'target." 

5 . Preservation of activity of drug and antibody— preparation of "simple" 
immunoconjugate often leads to a significant reduction in activity of 
cither the drug or the antibody, and the release of active drug from the 
conjugate may be alow: this problem may be avoided by polymeric or 
liposomal systems, especially if no covalent bond exists between the drug 
and the antibody. 

6. Opportunity for sustained release-polymeric and liposomal systems can, 
under certain circumstances, provide sustained release of tho active drug, 
either from higher circulating lifetime* or from action as a "depot." 

To prepare an 4 1mmunoliposome" system, typically a cytotoxic drug is en- 
trapped inside a liposome, either in the acqueous core or in the lipid bilayer, and 
the antibody Is covalently linked to a lipid that will be incorporated into the 
outer bilayer of the liposome to provide targeting. Since this subject has been 
reviewed recently [79,80] , and is dealt with by Sullivan and Werner in this vol- 
ume, it will not be discussed extensively here. However, a few comments are in 
order. A multitude of methods now exist for preparation of liposomes [81] and 
for incorporation of antibodies onto the surface of the liposomes [79,80,82] . 
Those techniques will afford a wide variety of compositions , sizes, and lamel- 
krity (i.e., unilamellar versus multilamellar). Not all of the methods will be ap- 
propriate for preparation of immunoliposomes; e.g., some methods employ the 
use of organic solvents or other factors that may be detrimental to the stability 
and integrity of the targeting antibody or the drug. In addition, some of the 
preparation techniques may employ steps (e.g>, sonication, rotary evaporation) 
that have reproducibility problems or do not lend themselves well to commercial 
scales. Considerable progress has been made in the last few years with regard to 
commercial processes for liposome manufacture, as liposomes move from the 
laboratory to the marketplace [81] , and this need must also be addressed for 
immunoliposomes If they are to make this transition. 

While the antibody on the surface of the liposome provides the "active" 
targeting of the immunoliposome,as discussed above (Section LB), the "passive" 
targeting of the liposome, viz., uptake by the RES cells of the body, cannot be 
ignored. The degree of RES uptake will depend on such factors as liposome 
size, charge, and fluidity. If the targeting antibody has low specificity or if the 
target tissue has low blood flow, the RES uptake may greatly reduce the amount 
of drug reaching the target. One technique to reduce the RES uptake is to incor- 
porate a sialic acid-containing glycoHpid, e.g., ganglioside GM1, into the lipid 
bilayer [83] . This masks the liposome from detection by the RES because of the 
presence of the same marker on the surface of red blood cells, and has been 



MERCK L PAT PUPRMP 



NR. 493 S. 18/24 



Immunoconjugates in Drug Delivery Systems 1 33 

shown to significantly increase the circulating half-life of liposomes [83] . In- 
deed, an imxnunoHposome-targeting antibody itself often will contain sialic add 
moieties that retard the RES uptake, which may be sufficient to favor uptake 
by the target tissue over that by the RES. 

One factor that has a large effect on the in vivo fate of a liposome is its size. 
Intravenously injected liposomes larger than ca. 4 jum are taken up to a large 
extent by the lungs, since this is the first capillary bed they would come irfcon- 
tact with [84] . The RES uptake is more acute for liposomes in the size range 
0.1-4 pm, with the result that small liposomes have a longer half-life than large 
ones [85] . Of relevance to imraunoliposonieBH the fact that, to be taken up 
into target cells, they must generally bind to the surface of the cell and be endo- 
cytosed. It has been shown [86,87] that, at least for some cells, this process is 
more efficient for small unilamellar immunoliposomes (< 100 nm) than for large 
liposomes. Although large unilamellar liposomes conjugated to an antl-Thy 1.2 , 
antibody (specific for lymphomas) were shown to bind to the surface of murine 
lymphoma cells, they failed to be internalized into the cells, as seen by the lack 
of effect of the encapsulated methotrexate gamma-aspartate. In contrast, ana- 
logous small unilamellar liposomes (53 nm mean diameter) were endocytosed 
into the lymphoma cells, and were in fact 20-40 times more effective than free 
diug in inhibiting cell growth [86] . Similar results were obtained with metho- 
trexate-containing liposomes corrugated to Staphylococcus aureus Protein A 
[87]. 

The route of administration is also important to the in vivo fate of liposomal 
targeting systems. Intravenous administration leads to clearance times of several 
hours, which may nevertheless be advantageous for drugs with very short half- 
lives. Under certain conditions, alternative routes of administration may impart 
a sustained-release profile to the pharmacokinetics of a liposomal formulation 
[81] . Intramuscular injections allows the formulation to act as a depot; It is 
retained at the injection site and can be released into the circulation over a 
period of days or even weeks [88,89] . Liposome size, however, has a large im- 
pact on the degTec of sustained release , and small liposomes will be cleared faster 
from the intramuscular depot than larger ones [90] . 

Similarly, subcutaneous injection of liposomes can also lead to a depot effect. 
In this case, however, there has been shown to be a significant amount of drain- 
ings of the administered dose into the lymphatic syBtem [91] . As noted above, 
this could be an advantage where delivery into lymph nodes is important, e.g„ 
for certain tumors and lymphomas. For both subcutaneous and intramuscular 
administration used as a contro!led*eleafte system for an immunoconjugate, it is 
unclear how much of the administered dose reaches the circulation as intact lipo- 
somes. Release of encapsulated dnig alone into the circulation would, of course, 
negate any targeting effect of the antibody. In addition, the targeting antibody's 
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stability to protoaaes and other degradative pathways at the injection rite must 
be coiuidered in light of any sustained-rclease effect. 

A method to further increase the suatamed-releaae property of intramuscu- 
larly and subcutaneously administered liposomes is to sequester the liposomes 
in another matrix, such as a collagen gel 192) or similar polysaccharide matrix 
F93] The potential of this for lmmunoliposomes has not been explored, but 
such a system should have a significant effect on the pharmacokinetics and ef- 
ficacy of the immunolipowme. 

While immunoliposomes exhibit a wide variety of properties, porymer-based 
immunoconjugate systems can display an even greater diversity. A low-molec 
ular-weight polymer, e.g., dcxtran, may simply serve as a common linking 
agent for the drug and the antibody, and thus have little effect on the in vivo ; 
fate of the immunoconjugate system. Such soluble systems generally are not 
cleared rapidly by the RES, and would be expected to have potential in gain- 
ing access to a variety of target cell types and allow favorable properties to be 
built into the formulation. For example, conjugates made from N<2«hydroxy- 
propyl) roethacrylamide (HPMA) copolymers were designed such that the drug 
is linked to the polymer by an oligopeptide sequence that is stable in plasma 
but is degraded by lysosomal enzymes [94-961 . Daunomycta was linked via a 
degradable oligopeptide to the HPMA polymer, to which a T-lymphocyte- 
gpecific antibody was also linked. Injection of the polymer conjugate into a 
mouse model for autoimmune disease led to suppression of the immune response 
of the spleen by 60-853.. The specific conjugate was 50-100 timeB more cyto- 
toxic against T lymphocytes than either nonspecific CgGJinked) conjugates or 
conjugates with noncleavable oligopeptide linkages, and was 80 times less toxic 
to bone marrow than free daunomycin 195,96] . 

At the other extreme, the {jorymer-drug-antibody complex could approach 
nanoparticle size (100-1000 run), which would of course have a Urge impact on 
the distribution and cellular interaction of the system. Normally, particles of this 
size would be rapidly cleared by the RES system. Just as is the case for immuno- 
liposomes, this effect can be partially overcome by the presence of targeting - 
antibodies on the surface of the nanoparticles. The highest efficiency of target, 
ing would be afforded by covalent linkage of the antibody to the surface of the 
nanoparticle;the drug need not be covalently bound, but can be occluded in the 
polymeric matrix during preparation of the nanoparticles. Release of the drug 
from the nanoparticle would therefore depend on erosion of the polymer or on 
diffusion of the drug through the polymer matrix; nanoparticle stability in 
aerurn must therefore be monitored. Noncovalent adsorption of the antibody to 
the nanoparticle may in some ease be sufficient for targeting. For example, an 
anti-alpha-fetoproteta antibody was Introduced into the polymerization medium 
for cyanoacryUcnanoparticles(120nm) when the formation of the nanoparticles 
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was almost complete [97] . In this way, immunoreacrivity was preserved, and the 
antibody -nano particles had moderate stability in serum. Similarly, adsorption 
of an immunotoxln onto colloidal gold particles did not interfere with the bind* 
ing and subsequent internalization of the antibody with lymphoblastic cells 
[98] , However, tight control of nanoparticle formation conditions would be 
required to optimize the efficiency of the targeting ability of the antibody. 
Therefore, eovalent coupling of antibody to the surface of the nanoparticle is 
probably the method that has the highest potential in targeting. 

Just as in the case for irnmunoliposomes, polymeric system* provide the 
opportunity for controlled release, either from extended circulating lifetimes or 
from a depot effect with intramuscular or subcutaneous injections. The poten- 
tial for this has only begun for polymeric immunoconjugate systems, which 
remain a fruitful area for future research. 

IV. CONCLUSIONS 

Targeted drug delivery by means of immunoconjugates holds a significant po- 
tential in the treatment of cancer and other diseases. In spite of their promise, 
however, it is apparent that a number of issues must be resolved before immuno- 
conjugates see widespread acceptance for clinical use and commercialization. 
When considering use of an immunoconjugate system, many factors must be 
examined and optimized carefully. These include: antibody purity and selec- 
tivity; efficiency of the drug-antibody coupling method used; possible hetero- 
geneity of the product ; preservation of drug and antibody activity of tamuno- 
conjugate formation; stability of the Immunoconjugate in vivo; pharmacokin- 
etics and biodistribution; effect of route of administration; and effect of carrier 
system used, Many promising results have been obtained using in vitro studies, 
but examination of the same immunoconjugate system in vivo sometimes has 
given disappointing results, perhaps due to lack of consideration of one of the 
factors listed above. The same precautions should be taken when attempting to 
extrapolate from promising animal studies to human clinical results. Further- 
more, it has not yet been demonstrated that reliable immunoconjugate produc- 
tion can be achieved on commercial scales, The coming years hold promise, 
however, that many of these issues can be resolved, Development of immuno- 
conjugate targeted drug delivery systems would therefore open important 
avenues to safer and more effective treatments for a variety of diseases. 
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